Energy storage and conversion schemes based on environmentally benign chemical fuels will require the discovery of faster, cheaper, and more robust catalysts for the oxygenevolution reaction (OER). Although the incorporation of pendant bases into molecular catalysts for hydrogen production and utilization has led to enhanced turnover frequencies, the analogous incorporation of pendant bases into molecular catalysts for water oxidation has received little attention. Herein, the syntheses, structures, and catalytic activities of new iron complexes with pendant bases are reported. Of [a] Pacific
Introduction
The successful implementation of a carbon-neutral energy infrastructure hinges on many factors, including the discovery of earth-abundant catalysts capable of transforming readily available materials into chemical fuels for energy storage to compensate for the intermittent nature of renewable energy sources. Whereas there are a variety of choices for reduction of substrates to fuels, they all require a corresponding oxidative half-reaction to generate the necessary protons and reducing equivalents. In this regard, catalyzing the 4 e -, 4H + oxygen-evolution reaction [OER; Equation ( 1)] has been a focus of many research groups, and an increasing emphasis has been placed on the use of first-row transition-metal complexes owing to their relatively low cost and rich redox chemistry.
1 these new complexes, [Fe(L 1 )] 2+ {L 1 = N,NЈ-dimethyl-N,NЈbis(pyridazin-3-ylmethyl)ethane-1,2-diamine} is the most active catalyst. Initial turnover frequencies of 141 and 24 h -1 were measured by using ceric ammonium nitrate at pH 0.7 and sodium periodate at pH 4.7, respectively. These results suggest that the incorporation of pendant bases into molecular catalysts for water oxidation might be an effective strategy that can be considered in the development of new catalysts for the OER, but will require the careful balance of many factors.
Several crucial design principles must be considered for such complexes, not least of which is the use of oxidatively robust supporting ligands on account of the high standard potential for Equation (1) (E°= +1.23 V versus NHE). One approach has been to study metal-oxo cluster complexes as synthetic models of the oxygen-evolving Mn 4 Ca complex in photosystem II. [1, 2] Mayer et al. have recently discovered that [Cu(bpy)] 2+ (bpy = 2,2Ј-bipyridyl) complexes can oxidize water electrocatalytically under highly basic conditions. [3] Costas and co-workers have also reported a family of cis-[Fe II (N 4 )] 2+ complexes that serve as efficient homogeneous water-oxidation catalysts in which N 4 is a neutral, tetradentate ligand (Figure 1, a) . [4] In a related experiment, Arnold et al. have also demonstrated that [M II (tpa)] 2+ [M = Mn, Fe, Co, Cu; tpa = tris(2-pyridylmethyl)amine] complexes also catalyze the reverse reaction, O 2 -reduction. [5] Considering the 4 e -, 4H + transformation required for the OER, the coupling of proton-and electron-transfer events is critical for effective proton management and can lead to improved reaction kinetics and lower thermodynamic barriers in the catalytic cycle. The benefit of proton relays for H + reduction and H 2 oxidation has been extensively studied, [6] and this design feature was recently extended to O 2 -reduction catalysts by Mayer and co-workers. [7] However, the incorporation of pendant-base functionality into the second coordination sphere of catalysts for water oxidation is a strategy that has received comparatively little attention. Herein, we define the second coordination sphere as ligand-supported chemical substituents that can directly interact with metal-bound substrates (see Figure 1 , b). Figure 1 . (a) Iron-based OER catalysts investigated by Costas and co-workers. [4] (b) Schematic representation of hydrogen-bond acceptors in the second coordination sphere (denoted in red) of a metal-aquo complex.
In a report by Thummel and Fujita et al., [8] and concurrently with a report by Yagi et al., [9] two geometric isomers of [Ru(tpy)(pynap)(H 2 O)] 2+ [tpy = 2,2Ј;6",2"-terpyridine; pynap = 2-(pyrid-2Ј-yl)-1,8-naphthyridine] in which a pyridyl substituent in the second coordination sphere was either proximal or distal from the metal center (see Figure 2, a) were tested for OER activity. In this case, the proximal base appears to be a severe detriment to the ability of the complex to catalyze the oxidation of water. However, Meyer and co-workers observed enhanced catalytic rates upon addition of external bases for single-site Ru catalysts (Figure 2 , b), [10] and Crabtree and co-workers found that trading a pyridine ligand for an alkoxide functionality in [IrCp*]-based (Cp* = pentamethylcyclopentadienyl) complexes results in a nearly 100-fold rate increase for water oxidation at an elevated pH. It is suggested that the internal alkoxide base deprotonates substrate water, thereby allowing for an enhanced turnover frequency (Figure 2 , c). [11] One of the reasons oxidizing water is so challenging from a synthetic standpoint is that two substrates must come together for an O-O bond to be formed during the catalytic cycle. Privalov, Llobet, Sun, and co-workers recently described an extraordinarily fast homogeneous catalytic system in which π-type interactions between adjacent Ru V =O complexes led to O-O bond formation through a radical coupling pathway. [12] An alternative bond-forming mechanism employs water nucleophilic attack on a high-valent metal-oxo species. Cramer and co-workers recently undertook a computational study of the nucleophilic-attack mechanism of oxidation catalysis in the Fe III (TAML) (TAML = tetraamido macrocyclic ligand) family of complexes. [13] Importantly, the authors conclude that for this Figure 2 . Water-oxidation catalysts previously investigated for base-assisted substrate deprotonation as described in the literature. [8] [9] [10] [11] system, the aqueous solvent shell serves to relay protons away from the reacting species. Given that proton-coupled electron-transfer (PCET) processes have been shown to be instrumental in driving the OER, [14] we set out to study the effects of integrating heteroatoms that can accept transient hydrogen bonds into the second coordination sphere of a known Fe-based OER catalytic platform. [4] Specifically, the incorporation of heteroatoms that might be capable of facilitating intramolecular proton transfer has been pursued in an attempt to enhance catalytic rates and/or reduce overpotentials by reducing barriers that result from high-energy intermediates.
The function and activity of molecular water-oxidation catalysts is acutely sensitive to many structural and electronic factors. Herein, we restrict our study to the effects of proton-accepting groups in close proximity to an iron center toward water-oxidation catalysis, although we recognize that more distal groups might play important roles as well. This structural theme has also been explored to some extent for Mn-aquo and Fe-hydroperoxo complexes, which are intermediates along proposed OER catalytic cycles. [15] It is www.eurjic.org FULL PAPER established that the cis-[FeN 4 L 2 ] 2+ complexes are active toward water oxidation, so we have attempted to preserve the essential structural theme while incorporating pendant bases into the second coordination sphere. [4] Herein, we report the syntheses, structures, electrochemistry, and catalytic data for a family of new Fe II complexes with heteroatoms in the second coordination sphere.
Results

Synthesis and Structural Characterization
The new reported tetradentate ligands L 1 -L 7 were prepared by straightforward synthetic routes analogous to the syntheses of previously reported complexes that lack the additional heteroatoms. All of the intermediates and final ligands were characterized by 1 H NMR spectroscopy, and the details of the syntheses and spectroscopic characterization are presented in the Supporting Information. After isolating ligands L 1 -L 7 , each was added to an equivalent of FeCl 2 to generate the corresponding Fe II complexes. The desired cis six-coordinate complexes were isolated for ligands L 1 , L 2 , L 3 , L 4 , and L 5 Cl 2 ] were also prepared by mixing stoichiometric amounts of the appropriate ligands and FeCl 2 . All complexes were characterized by 1 H NMR spectroscopy, and purities were determined by elemental analysis. In addition to the chlorido complexes described above, analogous complexes that lack the chloride anions were prepared to preclude competitive binding of chloride in place of water during catalysis. Anion exchange to the more weakly coordinating triflate anion (OTf) was achieved were characterized by single-crystal X-ray crystallography, and the structures are presented in Figure 4 . Table 1 also contains selected average bond lengths for these compounds.
For complexes of Fe II , ligands L 1 , L 4 , and L 5 enforce an α-cis topology, which has the aromatic amines trans to each other. [16] In this ligand conformation, both hydrogen-bonding or proton-accepting functionalities are poised toward the labile coordination sites. The relevant intramolecular distances from the heteroatom to the labile ligand ("X"···L) are given in Table 1 . The structure of [Fe(L 1 )(CH 3 CN) 2 ] 2+ was determined by using crystals grown from acetonitrile and is consistent with the presence of a low-spin S = 0 Fe II center with an average Fe-N bond length of 1.973(1) Å. Diffusion of diethyl ether into a concentrated solution of [Fe(L 2 )(OTf) 2 ] in dichloromethane also provided single crystals suitable for X-ray crystal analysis. In this case, the triflate anions are coordinated, which results in a high-spin complex as demonstrated by significantly longer Fe-N (ca. Figure S11 in the Supporting Information) indicate that this tetradentate ligand coordinates the metal center in a cis-β fashion with the pyridine functionalities cis to each other.
All of the six-coordinate complexes were characterized by 1 H NMR spectroscopy. The CD 3 CN spectra for [Fe(L 1 )] 2+ and [Fe(L 2 )] 2+ indicate diamagnetic Fe II com- 4 ], and (g) [Fe(L 7 )Cl 2 ] with thermal ellipsoids rendered at 40 % probability. Orange, blue, gray, red, green, cyan, and yellow ellipsoids correspond to iron, nitrogen, carbon, oxygen, chlorine, fluorine, and sulfur atoms, respectively. Hydrogen atoms, uncoordinated counterions, and solvents have been omitted for clarity. Figure S10 in the Supporting Information). [17] 1 H NMR spectra for complexes [Fe(L 3 )] 2+ , [Fe(L 4 )] 2+ , and [Fe(L 5 )] 2+ were also recorded. Unlike [Fe(L 1 )] 2+ and [Fe(L 2 )] 2+ , these complexes are high spin in both acetonitrile and pH 7 D 2 O. The N 2 -sparged D 2 O spectra all contain broad, paramagnetically shifted resonances, and the magnetic susceptibility measurements are all consistent with an S = 2 spin state for the Fe II complexes. Taking the paramagnetic resonances alone, the spectra are all consistent with the structures determined from X-ray crystallography. However, observation of resonances for the free ligand in addition to the resonances for the paramagnetic complexes suggests that some ligand dissociation occurs when complexes [Fe(L 3 )] 2+ , [Fe(L 4 )] 2+ , and [Fe(L 5 )] 2+ are dissolved in pH 7 water. The relative integration values for the free ligand do not significantly change over the course of three days, but the extent of dissociation was not investigated further. The greatest extent of dissociation was observed for approximately 10 mm complexes of L 5 , for which www.eurjic.org FULL PAPER the relative integration of the high-spin [Fe(N 4 )] 2+ fragment to free-ligand resonances suggest a 3:1 molar ratio of complex to free ligand in solution. However, these estimates are based on integration and might be unreliable since one species is paramagnetic and one is diamagnetic.
Electrochemistry in Acetonitrile
The redox properties of the complexes were investigated in both acetonitrile and aqueous solution by cyclic voltammetry, with all voltammograms collected at a scan rate of 100 mV s -1 unless otherwise specified. In acetonitrile, pyridazine-containing complexes [Fe(L 1 )] 2+ and [Fe(L 2 )] 2+ exhibit fully reversible, one-electron redox waves at +0.77 V versus Cp 2 Fe +/0 (Cp = cyclopentadienyl) that correspond to the metal-centered [Fe(N 4 )(CH 3 CN) 2 ] 3+/2+ redox couples. Upon addition of 2.6 m water to a 1 mm solution of [Fe(L 1 )] 2+ in acetonitrile, the reversible wave was replaced by a broad, irreversible wave at E p/2 = +0.55 V versus Cp 2 Fe +/0 ( Figure 5 ).
Complexes [Fe(L 3 )] 2+ and [Fe(L 5 )] 2+ exhibit redox couples at higher positive potentials in acetonitrile than measured for [Fe(L 1 )] 2+ and [Fe(L 2 )] 2+ , and the voltammograms display large peak-to-peak separations for the anodic and cathodic waves (ΔE p = 0.26 and 0.28 V, respectively), which suggests an electrochemically irreversible process. The cyclic voltammogram for complex [Fe(L 4 )] 2+ contains a single redox wave at E p/2 = +1.10 V in the anodic scan, and this wave is chemically irreversible, as there is no peak observed in the return scan. The cyclic voltammetry data for all compounds in acetonitrile are presented in the Supporting Information and Table 2 . Table 2 . Cyclic voltammetry data for Fe II complexes with ligands 2+ 1.10 0.96 1.03 [d] [Fe(L 5 )] 2+ 1.17 0.89 1.03 [d] [a] For the Fe III/II redox couple. All potentials are reported relative to the Cp 2 Fe +/0 redox couple.
[b] Anodic peak potential.
[c] Cathodic peak potential.
[d] Quasi-reversible redox couple.
Electrochemistry in Water
Anodic scans with solutions of [Fe(L 1 )] 2+ and [Fe(L 2 )] 2+ in aqueous 0.1 m sodium triflate (pH 7.4) contain redox events at +0.73 and +0.70 V versus NHE, respectively. As the potential of the anodic scan approaches the edge of the solvent window, a slight shoulder is observed at approximately +1.6 V versus NHE for both complexes. Return cathodic scans indicate the presence of peaks at potentials of +0.24 and +0.11 V, respectively. Irreversible, one-electron oxidation waves at +0.76 and +1.30 V versus NHE are present in the voltammogram of [Fe(L 3 )] 2+ in water. For [Fe(L 4 )] 2+ , waves at +0.87 and +1.43 V are present in the anodic scans; however, the broadness of these peaks suggests different electrochemical processes than for the waves for complexes that contain ligands L 1 -L 3 . Interestingly, complex [Fe(L 5 )] 2+ displays a quasi-reversible redox couple with a large peak-to-peak separation (ΔE p = 0.39 V) at much less positive potentials (E 1/2 = +0.10 V) than the other complexes studied here. When colorless aqueous solutions of [Fe(L 5 )] 2+ were exposed to air, the color rapidly changed to dark green, consistent with the relatively mild potential for oxidation.
Estimation of Pyridazine Substituent pK a
The acid-base equilibrium of monopyridazine complex [Fe(L 2 )] 2+ was investigated in acetonitrile solution by mixing with one equivalent of p-bromoanilinium tetrafluoro-
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Date: 08-04-13 10:22:38 Pages: 13 www.eurjic.org FULL PAPER borate (pK a in MeCN = 9.43). Under these conditions, the conjugate acid and base forms of both molecules undergo rapid exchange, and the weighted average of the chemical shifts was used to determine the ratio of acid-to-base forms of each species. [18] From this ratio the acetonitrile pK a of the protonated ancillary N atom was determined to be 8.0. By using water/acetonitrile pK a correlations previously reported by Leito and co-workers, we estimated the corresponding pK a value in water as approximately 2. [19] Addition of Chemical Oxidants and the formation of gas bubbles was not observed upon mixture with excess amounts of CAN ( Figure S12 in the Supporting Information).
To measure the catalytic activity of [Fe(L 1 )] 2+ and [Fe(L 2 )] 2+ for the OER, a fluorescence probe was used to monitor the dioxygen partial pressure over time in the headspace of a sealed reaction vessel that contained a solution of 0.1 mm catalyst and 125 mm of a chemical oxidant prepared from pH 7 water. Qualitative evidence for OER was obtained from a gas chromatogram of the headspace, which confirmed the O 2 as the only detectable gaseous product ( Figure S13 in the Supporting Information). After converting the partial pressure data to turnover numbers (TON), the initial observed turnover frequencies (TOF) were calculated by measuring the slope of the initial linear portion in plots of the TON versus time. The initial TOF for oxygen evolution reactions that employed CAN catalyzed by [Fe(L 1 )] 2+ was determined to be 141 h -1 , and the catalytic activity began to level off after approximately 1 h. As shown in Figure 7 and Table 3 , [Fe(L 1 )] 2+ shows a lower initial TOF than structurally related [Fe(mep)] 2+ (mep = N,NЈ-dimethyl-N,NЈ-bis(2-pyridylmethyl)ethane-1,2-diamine) under CAN conditions, but the TON values are within one standard deviation and therefore the difference is statistically insignificant. In contrast, a slight improvement in both TOF and TON is observed for [Fe(L 2 )] 2+ relative to the analogous [Fe(tpa)] 2+ . When the reaction was repeated using oxidant and catalyst stock solutions prepared using 0.2 m HNO 3 as a diluent (pH = 0.7), the O 2 partial pressure barely increased over a period of 1 h, which corresponded to a TON of 3 ( Figure S14 in the Supporting Information). As a control experiment, a solution that contained 0.1 mm FeSO 4 and 125 mm Ce IV was monitored for OER activity. The mixture yields negligible amounts of O 2 , thus demonstrating that free Fe II ions do not catalyze the OER using the neutral water conditions described here ( Figure S15 in the Supporting Information). Figure 7 . Turnover number (TON) versus time for structurally related complexes with (solid lines) and without (dashed lines) proton relays using Ce IV as the oxidant. Catalyst and CAN solutions were prepared from pH 7 water.
Date: 08-04-13 10:22:38 Pages: 13 www.eurjic.org FULL PAPER As an alternative to Ce IV , sodium periodate (NaIO 4 ) may also be used as a chemical oxidant for water oxidation. NaIO 4 has considerably less oxidizing potential than Ce IV , with a constant overpotential for water oxidation of approximately 420 mV between pH 2 and 7. For comparison, the analogous overpotential for Ce IV is approximately 500 mV at pH 0. [11] The catalytic activities for [Fe(mep)] 2+ and [Fe(L 1 )] 2+ were evaluated by using sodium periodate at pH 4.7 as described above for CAN. As shown in Table 3 , the rate of dioxygen evolution using NaIO 4 was substantially reduced for both [Fe(mep)] 2+ and [Fe(L 1 )] 2+ relative to the CAN reactions. This is expected given the lower oxidation potential. However, we observed small differences in the observed rate of O 2 evolution when using pyridazinecontaining catalyst [Fe(L 1 )] 2+ (24 h -1 ) instead of [Fe(mep)] 2+ (14 h -1 ). As indicated in the inset of Figure 8 and Table 3 , although the turnover frequency at the beginning of the [Fe(L 1 )] 2+ reaction was slightly faster than for [Fe(mep)] 2+ , oxygen evolution ceased after 2 h, whereas the catalytic activity for [Fe(mep)] 2+ was maintained for approximately 10 h. 
Discussion
Synthesis and Structural Characterization
The desired six-coordinate cis complexes were obtained for ligands L 1 -L 4 and L 7 . In noncoordinating solvents, the labile cis-coordination sites are occupied by anionic chlorides or triflates, but the ligands are easily displaced with solvent molecules when the complexes are dissolved in acetonitrile or water. Similar coordination behavior was expected for ligands that were functionalized with ancillary dimethylamine substituents, as simple ball-and stick models suggest that the desired Fe II complex is not strongly hindered by the dimethylamines, but reactions with L 5 gave dinuclear products. By replacing the flexible ethylenediamine bridge present in L 5 with a more rigid cyclohexyldiamine backbone, the desired tetradentate coordination was expected to be observed. [20] However, the reaction with a racemic mixture of cyclohexyldiamine derivative L 6 did not achieve the desired complex. Although the ligand rigidity does appear to enforce a monometallic chelation, the only isolable complex contains an isomer in which one of the pyridine groups is not coordinated to the metal center, as illustrated in Figure 4 (g). Thus, it appears that the incorporation of positioned dimethylamine groups into the tetradentate aminopyridine ligand platform described herein results in a change in coordination geometry. Specifically, the desired cis-α orientation in which both of the noncoordinated heteroatom groups were positioned near the labile ligands does not appear to be attainable through this approach.
Electrochemistry in Acetonitrile
In dry acetonitrile, the only electrochemical event observed for [Fe(L 1 )(CH 3 CN) 2 ] 2+ was a one-electron metalcentered redox couple. After water was added, this couple was replaced with a broad, irreversible wave at slightly less positive potentials. This new wave was tentatively assigned to the formation of [Fe III (L 1 )(H 2 O)(OH)] 2+ species in the basis of a similar observation for [Fe II (N 4 Py)(CH 3 CN)] 2+ [N 4 Py = N,N-bis(2-pyridylmethyl)-N-bis(2-pyridyl)methylamine]. [21] Upon scanning to more positive potentials, a broad irreversible wave of larger amplitude appeared at +1.3 V versus Cp 2 Fe +/0 . Que and co-workers generated the [Fe(N 4 Py)(O)] 2+ complex by using bulk electrolysis in wet acetonitrile at the same potential (+1.3 V) starting from [Fe III (N 4 Py)(CH 3 CN) 2 ] 2+ despite the lack of a corresponding anodic wave in the cyclic voltammogram. [21] Here, the visible absorption spectrum of an aliquot of a solution of [Fe(L 1 )(CH 3 CN) 2 ] 2+ after bulk electrolysis (+1.4 V versus
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Electrochemistry in Water
The cyclic voltammograms of [Fe(L 1 )] 2+ and [Fe(L 2 )] 2+ recorded in aqueous solution do not contain features that are readily interpretable. Irreversible, low-amplitude waves at mild potentials are most consistent with metal-centered redox events, and the lack of S-shaped waves at higher applied potentials suggests that the OER catalytic activity observed with chemical oxidants might not be measurable using cyclic voltammetry. Ultimately, we aim to characterize the catalytic activity of synthetic water oxidation catalysts by using electrochemical techniques, but the catalytic rates observed for this family of complexes are too slow for determination of catalytic rates by cyclic voltammetry (see below). [4] 
Catalytic Oxidation of Water
The addition of a slight stoichiometric excess amount of CAN to solutions of [Fe(L 1 )] 2+ and [Fe(L 2 )] 2+ results in the appearance of a new peak in the visible absorption spectrum at 749 and 731 nm, respectively. None of the other complexes described herein exhibited analogous behavior. On the basis of similar observations made by Costas and co-workers for cis-[Fe(N 4 )X 2 ] complexes, these absorbance bands are consistent with the formation of [Fe IV (N 4 )O] 2+ species, which are necessary participants in the OER catalytic cycle. A twofold excess amount of CAN is required to observe the Fe IV species, which suggests that accessing the high-valent oxidation state requires additional CAN to push the equilibrium redox reaction to completion. These results and observations suggest that the pyridazine substituents present in L 1 and L 2 support ferryl ions, but that ligand fields imparted by L 3 -L 5 are not sufficient to stabilize the high-valent Fe center necessary for OER catalysis.
By using solutions of CAN prepared from pH 7 water, the catalytic activity for the OER is similar for structurally related complexes with and without heteroatoms in the second coordination sphere. The highly acidic medium that is generated by dissolving CAN in water might defeat the purpose of incorporating the heteroatoms adjacent to the metal center. Considering that the pH of the 125 mm CAN-containing solutions used here was measured at 0.7, the ancillary nitrogen atoms are likely to be protonated under the conditions used for the chemical oxidation experiments, thus suggesting that the minor observed differences in catalyst lifetime and rate might be electronic in origin and are not influenced by the proton-accepting ability of the ancillary nitrogen atoms. More importantly, the 1 H NMR spectroscopic data indicates that ligand dissociation occurs at pH 0.7. Taken together with the lack of OER observed with free Fe 2+ , these results implicate [Fe(L 1 )] 2+ and [Fe(L 2 )] 2+ as active homogeneous catalysts and point toward aciddriven ligand dissociation as the likely reason for eventual catalyst death. Furthermore, although we did not investigate the possible presence of nanoparticles for the OER reactions, Costas and co-workers have followed the OER reaction using analogous catalysts by dynamic light-scattering techniques and found no evidence for nanoparticle formation upon reaction with CAN. [4] To avoid protonation of the pyridazine heteroatoms, OER studies were also performed at higher solution pH using sodium periodate as a chemical oxidant with complex [Fe(L 1 )] 2+ . The analogous studies with complex [Fe(L 2 )] 2+ and [Fe(tpa)] 2+ did not produce measureable dioxygen, and therefore will not be discussed here. In comparing [Fe(L 1 )] 2+ to [Fe(mep)] 2+ , a significant reduction in catalyst lifetime is evident from the plot shown in Figure 8 . The periodate ion is capable of participating in fast O-atom exchange with water. [22] This propensity for periodate O atoms to participate in exchange reactions might lead to the more rapid deactivation of the complex [Fe(L 1 )] 2+ due to oxidation of the bare pyridazine N atom, which is absent in [Fe(mep)] 2+ .
Conclusion
New tetradentate ligands that feature proton relays and the corresponding Fe II complexes have been synthesized. In an attempt to enhance catalysis for water oxidation, pendant heteroatoms were incorporated into known catalytic platforms with the intended purpose of facilitating the shuttling of protons from the substrate to the bulk solution.
In the case of L 6 and L 7 , the resulting Fe II complexes had a substantial and undesirable change in coordination mode relative to the analogous parent complex that lacked the additional heteroatoms. Ancillary heteroatoms with a lower steric footprint were successfully incorporated into ligands L 1 -L 5 , but the catalytically necessary Fe IV =O species for complexes with L 3 , L 4 , and L 5 did not appear to be accessible on the basis of absorption spectra recorded in the presence of CAN. However, the pyridazine-containing complexes [Fe(L 1 )] 2+ and [Fe(L 2 )] 2+ display OER catalytic activity similar to their structurally related analogues that do not contain ancillary proton relays. By adjusting the pH of the solvent medium to allow protons that originate from substrate water to interact with the pendant bases, a slight improvement was observed in the initial turnover frequency for catalyst [Fe(L 1 )] 2+ relative to the structurally analogous [Fe(mep)] 2+ . However, rapid deactivation of the [Fe(L 1 )] 2+ catalyst was observed, possibly due to the oxidation of the ligand that resulted from the O-atom lability imparted by the periodate and the additional incorporated nitrogen atoms, which are capable of acting as O-atom acceptors. Looking ahead, the incorporation of intramolecular hydrogen-bonding functionalities might be worth considering for the design of new homogeneous water-oxidation catalysts. In addition to selecting ligand platforms capable of sup-
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Experimental Section
Materials and Methods: All chemicals were purchased from commercial sources and used without further purification unless otherwise noted. Solvents were sparged with N 2 for 45 min and passed through a column of alumina prior to use. 
cis-α-[Fe
cis-α-[Fe(L 2 )(CH 3 CN) 2 ](OTf) 2 :
Under an atmosphere of dinitrogen, a solution of silver triflate (0.143 g, 0.556 mmol) in acetonitrile (5 mL) was added to a stirred slurry of [Fe(L 1 )Cl 2 ] (0.104 g, 0.278 mmol) in acetonitrile (2 mL). After stirring the mixture for 1 h, the mixture was filtered to remove AgCl, and the solvent was removed from the filtrate. The resulting dark red residue was triturated in diethyl ether, thus causing a red solid to form. The solid was isolated by filtration, washed with diethyl ether (3 ϫ 2 mL), and dried under dinitrogen to afford the final product (0.177 g, 0.259 mmol, 93 % yield). Single crystals suitable for X-ray analysis were grown by diffusing diethyl ether vapor into a concentrated solution of 8 in acetonitrile. 1 [Fe(L 2 )(OTf) 2 ]: Under an atmosphere of dinitrogen, a solution of silver triflate (0.030 g, 0.11 mmol) in tetrahydrofuran (5 mL) was added to a stirred slurry of [Fe(L 2 )Cl 2 ] (0.024 g, 0.057 mmol) in tetrahydrofuran (2 mL). After stirring for 1 h, the mixture was filtered to remove AgCl, and the solvent was removed from the filtrate. The resulting orange-yellow residue was tritured in diethyl ether, thus causing an orange-yellow solid to form. The solid was isolated by filtration, washed with diethyl ether (3 ϫ 2 mL), and dried under dinitrogen to afford the crude product (0.022 g, 0.034 mmol, 60 %). Yellow single crystals suitable for X-ray analysis were grown by diffusing diethyl ether vapor into a concentrated solution of [Fe(L 2 )(OTf) 2 ] in dichloromethane. C 19 [23] was measured at E 1/2 = 0.177 V using the setup described here. All potentials for aqueous cyclic voltammograms are reported versus NHE by adding 0.254 V to the measured potentials. For the measurements in acetonitrile, cobaltocenium hexafluorophosphate (E 1/2 = -1.33 V versus Cp 2 Fe +/0 ) [24] was used as an internal standard, and all potentials are reported versus the ferrocenium/ferrocene couple (Cp 2 Fe +/0 ). The potentials of irreversible electrochemical waves are reported as E p/2 values (i.e., potential at half-current). Unless otherwise noted, all cyclic voltammograms were obtained at a scan rate of 100 mV s -1 .
X-ray Structure Determinations:
Single crystals were coated in Paratone to facilitate manipulation. The crystals were supported on a Cryoloop and mounted on a Bruker Kappa Apex 2 CCD diffractometer under a stream of cold dinitrogen. All data collection was performed using Mo-K α radiation and a graphite monochromator (Table 4 ). Initial lattice parameters were determined from reflections with I Ͼ 2σ harvested from 36 frames; these parameters /KAP1 Date: 08-04-13 10:22:38 Pages: 13 www.eurjic.org FULL PAPER were later refined against all data. Data collection strategies were targeted for a minimum of 0.80 Å resolution with fourfold redundancy. Data were integrated and corrected for absorption effects with the Apex II software package. Structures were solved by direct methods and refined with the SHELXTL software package. Unless otherwise noted, all non-hydrogen atoms were refined anisotropically. Hydrogen atoms were added at the ideal positions and were refined using a riding model in which the displacement parameters were set at 1.2 times that of the attached carbon atom (1.5 times for methyl carbon atoms).
The pyridazine substituent in the structure of [Fe(L 2 )(OTf) 2 ] was disordered over all three N-donating positions. This was expected considering the non-stereospecific nature of the ligand synthesis and the structural similarity of pyridine and pyridazine. The disorder was modeled by splitting the carbon/nitrogen atomic sites adjacent to the coordinating nitrogen atom and restricting the carbon occupancy to 66.7 % and the nitrogen occupancy to 33.3 %.
Other Physical Measurements: 1 H spectra were recorded with Varian spectrometers (500 or 300 MHz) at 20°C. All 1 H chemical shifts have been internally calibrated to the monoprotio impurity of the deuterated solvent. For spectra taken in deuterium oxide, the D 2 O was sparged with N 2 for a minimum of 20 min prior to dissolution of the compound to prevent reaction with O 2 . Magnetic susceptibility measurements were made using Evans' method. [25] Diamagnetic contributions to the susceptibility were accounted for using Pascal's constants. Elemental analysis was performed by Atlantic Microlab, Inc. (Norcross, GA).
Chemical Oxidation for O 2 Evolution:
Dioxygen evolution was monitored in the headspace of reactions in 24.0 mL of EPA vials equipped with polytetrafluoroethylene (PTFE)-faced silicone rubber septum caps. The O 2 partial pressure was measured with an Ocean Optics Neofox Phase Measurement System equipped with a FOXY-R probe, temperature sensor, and a septum-puncturing accessory. The instrument was calibrated before each set of runs by using an N 2 -filled flask and ambient air as 0.0 and 20.9 % O 2 standards, respectively. Each vial was charged with either solid cerium(IV) ammonium nitrate (0.685 g, 1.25 mmol) or sodium metaperiodate (0.267 g, 1.25 mmol), then purged with N 2 until the concentration of O 2 was at a stable minimum. The oxidant was then dissolved in N 2 -sparged Milli-Q water (9.0 mL; ρ = 18.2 MΩ cm -1 ) with stirring (450 rpm). The catalytic reaction was initiated by adding an N 2 -sparged 1 mm stock solution of catalyst in Milli-Q water (1.0 mL). The final concentrations of catalyst and oxidant were 0.1 and 125 mm, respectively. After the reaction was complete, the partial pressure data in the reaction vial headspace was converted to mol amounts of O 2 by using the ideal gas law, and the dissolved oxygen content was determined using Henry's law; these two values were added together to arrive at the total amount of evolved O 2 .
